The emerging field of computational aeroacoustics addresses the resolution of short wavelength and small amplitude motions of compressible fluids [1] . These problems are typically posed on unbounded domains, which present special problems for numerical techniques which use grids as there are a finite number of grid points to fit in an infinite domain. Typically the grid points are spaced far apart in the farfield, meaning significant loss of the accuracy necessary for computational aeroacoustics.
To limit the number of gridpoints, the domain is separated into a bounded part, which is gridded, and an unbounded part, which is treated analytically. 
Equations (3) along with equations (4)--(7) are respectively !tie differential equations and wall boundary conditions governing linear acoustic disturbances of frequency _ in the duct.
When coupled to the source and a radiation condition, they can iv theory be solved uniquely to obtain the attenuation over a specified length of lining.
The interior duct calculation is terminated at z = L and a nonreflectin 9 nonlocal boundary conditioh, described below, is applied to close off the numerical calculation.
The calculations are limited to two-dimensions for reasons of economy. Extension to three-dimensions is straightforward,but reouire,_ significantlymorecomputation. The two dimensionalanalysis to follow is obtained by assumingplanar wavesacrossthe duct, so that the wave field in independent of z (terms with a fall out of (3)). 
where the superscript asterisk denotes the complex conjugate and _ is the real part.. Tile attenuatton of the lining in decibels is then obtained from
where H W(x) = J__ I(x,y)dy. (3) along with boundary conditions (4)- (7) and (9) The pressure in a field of progressive waves in an infinite duct is
T,n_tl
The corresponding axial velocity amplitude is
If we define the modal impedance as and relate modal pressure and velocity amplitudes by 
-", r | • The pressure and axial velocity at each node point are then given in terms of the modal amplitude coefficients for the progressive waves in an infinite duct.
Eliminating the modal amplitudes gives an operator relation between the nodal values of pressure and axial velocity.
where the nodal impedance matrix is defined as computationalaero-acoustics, sinceconservinggrid points is a major concern.
The boundary condition should be extended to the case of acoustic waves in the presence of steady flow. This extension will require the consideration of vortical and entropic modes which have been ignored here. The extension appears possible, however, since the only real requirement of the method is that the aeroacoustic field in the exterior domain is given by the general solution of a set of linear equations. XN --XN-, ( ,S,, ) where the derivative of the characteristic function is 
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The value of the characteristic function at the origin and its behavior when _ is large are important for the determining if the characteristic function has zeros for positive _.
Tile defined functions C(() and S(_ ¢) have properties which make them useful in determining solutions to th(" characteristic equation. These properties will be listed here before considering the numerical proceedure for solving for the eigenvalues. 
The function within brackets is positive, so that the sign of the ond derivative depends only on the sign of b. If b is negative the curvature is positi"e, and if b is positive, the curvature is negative. The limit of the function within brackets is 4/45 for _ = 0, giving the value of the derivative at the origin. 
(93_ The solutions where s = 0 are initial conditions for a first-order differential equation which is used to find _(s).
This equation
is valid as long as the initial condition is not a double eigenvalue. When the initial condition is a double eigenvalue _¢,,,, the partial derivative in the denominator is OF 0_F(_;s)_ (95)
The differential equation for _" is then singular, but a differential equation for the square of the displacements of the eigenvalues from the double eigenvalue is not.
d(_ -_,.)'_= -, ds
Given an initial step As, the two eigenvalues near the double eigenvalue are = _,,, 4--2 As (97)
The differential equation for the eigenvalue is then .sed to trace each of these to the final value fer s = 1. A non.local boundary condition is formulated for aooustic waves in ducts without flow. The ducts are two-dimensional with constant area, but with variable impedance wall lining. Extension nf the formulation to thrN-dimansional and vamlbie area ducts is straightforward in principle, but requires significantly more computation. The boundary condition simulates a non-reflecting wsvefield it, an infinit_ duct. It isim_emanted by ¢. constant matrix operator which is applied at the boundary of the computational domain, An efficient computational solution scheme is developed which allows calculations for high frequencies and long duct lengths. This computational solution utilizes the boundary condition to limit the computational space while pre_rving the radiation boundary condition. The boundary condition is tested for several sources. It ts demonstrated that the boundary condition can be applied close to the sound sources, rendering the computational domain small. Computational solutions with the new non-local boundary condition are shown to be consistent with the known solution_ for nonreflecting wavefields in an infinite uniform duct.
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